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A tool for visualizing the usage of the
input data for a method using alias analysis
Yu Kashima1,a) Takashi Ishio1,b) Katsuro Inoue1,c)
Abstract: In program comprehension, developers often spend a lot of time for the investigation of in-
put/output during an execution of a method. In Java program, input for a method includes arguments,
fields and class variables. To identify fields and class variables used by a method, developers must invetigate
all methods which may be called from the method. In this paper, we propose a tool for visualizing input of
a method including fields and class variables by investigating the method and methods which may be called
from it. Using alias analysis, this tool shows field access using their access paths from variables of the speci-
fied method. We performed a controlled experiment in which participants perform program comprehension
tasks. The result shows the time spent for an investigation with our tool is less than the time without the
tool.
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1: protected boolean validateForm(
2: final HttpServletRequest request,
3: final UserForm form) throws ServiceException {
4: if (form.getId() == 0) {
5: User user = ServiceFacotry
6: .getService(IUserService.class)
7: .findByUserID(form.getUserId(),
8: UserKubun.valueOf(form.getUserKubun()));
9: if (user != null) {
10: addError(request, "errors.ucm02.exist.user");
11: return false;
12: }
13: }
14: return true;
15: }
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Input: m
Output: I(m)
1: I(m)← ∅
2: for p ∈ parameters(m) do
3: I(m) (p, ∗, ∗, ∗)
4: end for
5: R(m)← {m} ∪ reachables(m)
6: for all (v,m′, l, RW ) ∈ searchClassV ariableUsage(R(m))
do
7: I(m) (v,m′, l, RW )
8: end for
9: for all {v|(v,m′, l, RW ) ∈ I(m)} do
10: worklist v
11: end for
12: while not isEmpty(worklist) do
13: v ← pop(worklist)
14: for all (x.f,m′, l, RW ) ∈ fieldUsage(R(m)) do
15: if isAlias(v, x) then
16: I(m) (v.f,m′, l, RW )
17: if isContinueSearch(v.f) then
18: worklist (v.f)
19: end if
20: end if
21: end for
22: end while
23: return I(m)
? 2 I(m) ?????????
??????????????????????????
??????????????????????????
???????????????????? I(m)???
??????????????????????????
????????????
?????????????????????????
?????????????????????????
??????????????????????????
I(m)??????????????????
4. ??
??????????? I(m)?????????I(m)
??????????????????????I(m)??
??? Eclipse???????????????????
???????Eclipse? Java????????????
??????????? m????I(m)???????
??????????????????????????
??????????????????????????
??????????????????????????
???????????????????????? 3(b)
??? 1 ? validateForm ? I(m) ??????????
???????????? form ????? id?userId?
userKubun? 3??????????????????


  
 	 
     
      	 
      	 
      	  
      	  



    
 
     


(a) I(m) ???????
(b) I(m) ??????
? 3 I(m) ???????
?????? 3???????????????????
??????????HibernateUtil.SESSION?????
??????????????????????????
???
?????????????????? 3??????
????????????????reachables()????
??????????????????????????
??????????????????????????
???? [14]?????isAlias()???????????
???Java??????????????????Yan?
??? [15]?????????isContinueSearch()???
????????????????????????? 2
??????????????????????????
??????????????????????????
???
5. ????
?????????????????????????
?????????????????????????
??????????????????2???????
??????????????????????????
??????????????????????????
????????????
5.1 ????
???????????????????? 4?? 3?
c 2012 Information Processing Society of Japan 4
???????????????????? 2012
?????????????????????? 1???
? 5????????????????????Java?
Java?????????? Eclipse??????????
???????????? 4??? 7?????Java??
????????? 1??? 6?????
????????? 2 ??????????????
??????????????????????????
??????????????????????????
??????????????????????????
???????????
????????????????????????
????????Java???????????????
?????????????????UML??????
ArgoUML 0.34[16]?????????????GanttPro-
ject 2.0.9[17]??????ArgoUML?.java??????
2289??? 190KLOC????GanttProject?.java??
??? 478??????? 44KLOC????
??????????????????????
ArgoUML ???ArgoUML????????????
????????????????????????
????????????????????????
?????????
GanttProject GanttProject ???????????
????????????????????????
????????????????????????
????????????????????????
?????
?????????????????
( 1 ) ???? Eclipse ???????????????
Eclipse????? 5???????????????
??????? Eclipse????? 5???????
???File Search?Java Search?Open Call Hierarchy?
Open Type Hierarchy?Open Declaration????
( 2 ) ??????????????????
( 3 ) 1???????????????????????
????
( 4 ) 1?????????????????????
( 5 ) 2???????????????????????
????
( 6 ) 2?????????????????????
???????ArgoUML?GanttProject??????
???????????
ArgoUML ArgoUML???????????????
??????????????????? 2 ???
???
GanttProject GanttProject??????????? 2
?????????? 1?????????????
????????????????????????
? 1 ???????
1 ?? 2 ??
??? A,B ArgoUML??? GanttProject(??
??? C,D GanttProject(?? ArgoUML???
??? E,F ArgoUML??? GanttProject(??
??? G,H GanttProject(?? ArgoUML???
? 2 ??????
ArgoUML GanttProject
????? 0.5?4 ?? 2 ?? 0.25?4 ?? 1 ??
????? 0.25?4 ?? 1 ?? 0.25?4 ?? 1 ??
????????????????????????
????????????????????????
????
1????????????????? 45??????
??????????????????????????
??????????????????????????
??????????? 45?????
?????????????????????????
?????????????? 1???????????
???????????????????????????
??? 1?????????
?????????????????????????
??????????????????????????
??????????????????
ArgoUML org.argouml.uml.diagram
.static structure.ClassDiagramGraphModel
GanttProject net.sourceforge.ganttproject.GanttTask
???????27?????????????? 1920
× 1200?1?? Eclipse 3.7??????????????
??????????????????????????
??????Windows???????notepad.exe???
?????????
5.2 ????
?????????????????????????
??????????????????????????
??? 4(b)????????????????????
??????? 4(a)????????ArgoUML???
????????????? 1????????????
???????????????????????
? 4(a)??????????????????????
??????????????????????????
??????????? 4(b)????????????
????????????2?????????????
??????????????????????????
???????????????????????
?????????????????????????
c 2012 Information Processing Society of Japan 5
???????????????????? 2012
tool w/o tool
50
0
10
00
15
00
20
00
25
00
(a) ???????????
ArgoUML GanttProject
50
0
10
00
15
00
20
00
25
00
(b) ??????????????
? 4 ???????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
???????????????????????????
??????????????????????????
???????????????p?=0.07752?????
???? 5%???????????????? 10%??
???????????
?????????????????? [13]?????
??????????????????? 5%??????
??????????????????????????
?????????????????? 1???????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
????????????????????????
?????????????????????????
??????? 2????? 2????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
???????????????????
?????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
????????????????
?????????????????????????
?????????????????????????
??????????????????? 5(a)?? 5(b)
?????? ArgoUML? GanttProject???????
?????1?????????????????? R??
??????????????????????????
??????????????????? R??????
??????????????????????????
??????????????????????????
???????????????50?? 100??????
??????????????????????????
???????W???????????????????
???? RW????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
???????
?????????????????????????
???????????????
• ???????????????????????
? 1?????? 3(b)???HibernateUtil.SESSION
????????????????????????
????????????
• ?????????????????????? 1?
????? 3(b)????? form?????????
??????????????????????? 3
????????????????????????
???????????
?????????????????????????
?????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
???????????????????????????
????????????
c 2012 Information Processing Society of Japan 6
???????????????????? 2012
#R
#m
et
ho
d
0 100 200 300 400 500
0
50
00
10
00
0
15
00
0
(a) ArgoUML
#R
#m
et
ho
d
0 50 100 150 200 250 300
0
10
00
20
00
30
00
40
00
(b) GanttProject
? 5 ??????????????????????????
5.3 ???????
?????? ???????????????????
????????????????????????
????????????????????????
??????????????? [18], [19], [20]??
????????????????????????
???????????????????
??????????? ??????????????
??????????Eclipse??????????
????????????????????????
????????????????????????
????????????????????????
?????????
?????? ??????????????????
Java???????? Eclipse??????????
????????????????????????
????????????????????????
???????????
???????????????? ?????????
?????????? ArgoUML? GanttProject?
????????????????????????
????????????????????????
????????????????????????
????????????????????????
??????
6. ????
6.1 ???????????????
?????????????????????????
??????????????????????????
??????????????????????????
?????????? [6], [7], [8], [9], [10], [11], [12]???
??????????????????????????
??????????????????????????
??????????????????????????
?????????
?????????????????????????
?????????????? [13]??????????
?????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
???????
?????????????????????????
??????????????????????????
??????????????????????????
?????????????????????????
??????????????????????????
?????????????????
6.2 ????????????
??????????????????????? [14]
????Variable Type Analysis[21]?Rapid Type Analy-
sis[22] ???????????????????????
?????????????????????????
???????I(m)????????????????
???
?????????????????????????
??????????????????????????
??????????????????????????
????????????? I(m)??????????
?????????????????????I(m)???
??????????????????????????
?????????????????????????
??????????????????????????
?????? [15], [23], [24], [25]? ??????????
??????????????????????????
c 2012 Information Processing Society of Japan 7
???????????????????? 2012
?????????????????? I(m)?????
?????????????????????????
??????????????????????????
??????????????????????????
??????????????? Yan???? [15]??
??????????????????????????
??????????????????????????
????????????????????
7. ?????????
????? Java?????????????????
??????????????????????????
??????????????????????????
?????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????
?? ??????????????????????
?????A??????:21240002? ?????????
??????????? (A)?????:23680001? ??
??????
????
[1] Corbi, T. A.: Program understanding: challenge for the
1990’s, IBM Systems. Journal., Vol. 28, pp. 294–306
(1989).
[2] Fjeldstad, R. K. and Hamlen, W. T.: Application pro-
gram maintenance study: report to our respondents,
Proceedings of GUIDE 48 (1979).
[3] LaToza, T. D., Venolia, G. and DeLine, R.: Maintaining
mental models: a study of developer work habits, Pro-
ceedings of the 28th International Conference on Soft-
ware Engineering, pp. 492–501 (2006).
[4] LaToza, T. D. and Myers, B. A.: Developers ask reacha-
bility questions, Proceedings of the 32nd ACM/IEEE
International Conference on Software Engineering,
Vol. 1, pp. 185–194 (2010).
[5] ITSpiral: http://it-spiral.ist.osaka-u.ac.jp/.
[6] Chen, Z. and Xu, B.: Slicing Object-Oriented Java Pro-
grams, ACM SIGPLAN Notices, Vol. 36, No. 4, pp. 33–
40 (2001).
[7] Harman, M. and Danicic, S.: Amorphous Program Slic-
ing, In proceedings of the 5th International Workshop
on Program Comprehension, pp. 70–79 (1997).
[8] Horwitz, S., Reps, T. and Binkley, D.: Interproce-
dural slicing using dependence graphs, Proceedings of
the ACM SIGPLAN 1988 Conference on Program-
ming Language Design and Implementation, pp. 35–46
(1988).
[9] Liang, D. and Harrold, M. J.: Slicing Objects Using Sys-
tem Dependence Graphs, Proceedings of the Interna-
tional Conference on Software Maintenance, pp. 358–
367 (1998).
[10] Reps, T., Horwitz, S., Sagiv, M. and Rosay, G.: Speed-
ing up slicing, Proceedings of the 2nd ACM SIGSOFT
Symposium on Foundations of Software Engineering,
pp. 11–20 (1994).
[11] Sridharan, M., Fink, S. J. and Bodik, R.: Thin slic-
ing, Proceedings of the ACM SIGPLAN 2007 Confer-
ence on Programming Language Design and Implemen-
tation, pp. 112–122 (2007).
[12] Weiser, M.: Program slicing, Proceedings of the 5th In-
ternational Conference on Software Engineering, pp.
439–449 (1981).
[13] ?????????????????????????
?????????????????????????
????, Vol.2011-SE-171, No.12?pp. 1–8 (2011).
[14] Dean, J., Grove, D. and Chambers, C.: Optimization
of Object-Oriented Programs Using Static Class Hier-
archy Analysis, Proceedings of the 9th European Con-
ference on Object-Oriented Programming, London, UK,
UK, Springer-Verlag, pp. 77–101 (1995).
[15] Yan, D., Xu, G. and Rountev, A.: Demand-driven
context-sensitive alias analysis for Java, Proceedings of
the 2011 International Symposium on Software Testing
and Analysis, pp. 155–165 (2011).
[16] ArgoUML: http://argouml.tigris.org/.
[17] GanttProject: http://www.ganttproject.biz/.
[18] Eisenbarth, T., Koschke, R. and Simon, D.: Locating
features in source code, Software Engineering, IEEE
Transactions on, Vol. 29, No. 3, pp. 210 – 224 (2003).
[19] Koschke, R. and Quante, J.: On dynamic feature lo-
cation, Proceedings of the 20th IEEE/ACM Interna-
tional Conference on Automated Software Engineering,
pp. 86–95 (2005).
[20] Rajlich, V. and Wilde, N.: The role of concepts in pro-
gram comprehension, Proceedings of 10th International
Workshop on Program Comprehension, pp. 271 – 278
(2002).
[21] Sundaresan, V., Hendren, L., Razafimahefa, C., Valle´e-
Rai, R., Lam, P., Gagnon, E. and Godin, C.: Prac-
tical virtual method call resolution for Java, Proceed-
ings of the 15th ACM SIGPLAN Conference on Object-
Oriented Programming, Systems, Languages, and Ap-
plications, pp. 264–280 (2000).
[22] Bacon, D. F. and Sweeney, P. F.: Fast static analy-
sis of C++ virtual function calls, Proceedings of the
11th ACM SIGPLAN Conference on Object-Oriented
Programming Systems Languages and Applications, pp.
324–341 (1996).
[23] Milanova, A.: Light context-sensitive points-to analy-
sis for Java, Proceedings of the 7th ACM SIGPLAN-
SIGSOFT Workshop on Program Analysis for Software
Tools and Engineering, pp. 25–30 (2007).
[24] Shapiro, M. and Horwitz, S.: Fast and accurate flow-
insensitive points-to analysis, Proceedings of the 24th
annual ACM SIGPLAN-SIGACT Symposium on Prin-
ciples of Programming Languages, pp. 1–14 (1997).
[25] Sridharan, M. and Bod´ık, R.: Refinement-based context-
sensitive points-to analysis for Java, Proceedings of
the ACM SIGPLAN 2006 Conference on Program-
ming Language Design and Implementation, pp. 387–
400 (2006).
c 2012 Information Processing Society of Japan 8
